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INTRODUCTION  
The test results of the in-plant demonstration of the Machnozzle as 
a predrying device indicated that the Machnozzle is a viable way of 
predrying fabrics. The Machnozzle substantially reduced the regain in 
sheeting-weight fabrics, and its energy requirements compared favorably 
with those for steam cans. 
Although the Machnozzle may be operated with either steam or 
compressed air, the Machnozzle studies conducted by Georgia Tech researchers 
have used steam. At the conclusion of the in-plant demonstration, the 
feasibility of using air instead of steam was considered because of two 
potential advantages. One was that working with the Machnozzle when air 
is used should be easier and safer. The other was that calculations 
indicated that even though approximately 65% of the thermal energy in 
steam can be recovered, operating the Machnozzle with air may be more 
economical than with steam. Production of steam requires providing heat 
to change water from the liquid to the vapor phase. Since water has an 
extremely high latent heat of vaporization, producing steam requires more 
energy than compressing air. For example, producing one pound of steam 
at 125 psig requires approximately 1603 BTU (assuming a boiler efficiency 
of 72%). Assuming 65% of the thermal energy in the steam is , recovered, 
approximately 560 BTU's are required per pound of steam used by the 
Machnozzle. 	Calculations indicated that compressing a pound of air to 
125 psig will require approximately 115 BTU. Therefore, operation of the 
Machnozzlewith compressed air appeared to be less energy consumptive. 
2 
OBJECTIVE  
The objective of the project was to determine the feasibility of 
operating the Machnozzle with compressed air. The moisture removing 
ability and the energy efficiency of a Machnozzle operating on compressed 
air were to be determined. 
TEST PLAN  
Tests were conducted to determine the feasibility of operating the 
Machnozzle with compressed air. Data were taken to establish the 
perfromance and drying efficiency of the Machnozzle in removing moisture 
from sheeting-weight fabrics. The primary parameters varied during the 
tests were fabric type, process speed, and air pressure. The two responses 
monitored were air flow rate and fabric moisture level. The tests conduc-
ted are summarized in Table 1. 
OPERATION OF MACHNOZZLE WITH AIR  
The pilot-scale test using the 16-inch Machnozzle were run with a 
Machnozzle slit width of approximately 0.001 inch. The initial plans were 
to conduct the air test with the slit set at the same width (0.001 inch); 
however, the initial test with air revealed that very little air flowed 
through the nozzle at this setting of the slit. 	Steam was flowed through 
the Machnozzle to determine if changes in the system had occurred since 
the pilot-scale test. Results similar to those obtained during the pilot-
scale study were obtained. Thus, it was concluded that the operations of 
the Machnozzle with air at room temperature would require a wider slit. 













50 	 Machnozzle Pressure (psig) 
Steam: 95* 
Air: 40, 60, 80, 100 
75 	 Machnozzle Pressures (psig) 
Steam: 95 
Air: 20, 40, 60, 80, 100, 
120 
100 	 Machnozzle Pressures (psig) 
Steam: 95 
Air: 60, 80, 100, 120 
75 	 Machnozzle Pressures (psig) 
Steam: 95 
Air: 20, 40, 60, 80, 100, 
120 
Textured 	 75 	 Machnozzle Pressures (psig) 
80/20 Steam: 95 
Polyester/Cotton 
Air: 20, 40, 60, 80, 100, 
120 
* Maximum obtainable steam pressure was approximately 95 psig. 
A 0.003-inch shim was fabricated and installed in the Machnozzle . The 
initial test with the 0.003-inch shim indicated that the air flow rate was 
sufficiently high to obtain water removal from the fabric. Since time 
and budgetary limitations of the project did not allow optimization of 
the slit width, all of the air tests were conducted using the 0.003-inch 
shim. If satisfactory results can be obtained using a smaller shim, 
obviously the energy requirements of the Machnozzle can be reduced. 
RESULTS  
The results of the tests are summarized in Tables 2 and 3. The 
performance of the Machnozzle using compressed air was similar to its 
performance in the pilot-scale study where steam was used. As supply 
pressure was increased for 0 psig to 80 psig, the moisture-removal ability 
of the Machnozzle improved steadily. Increasing air pressure above 80 
psig had marginal effect on moisture removal. Optimal operational pressure 
appears to be between 80 and 100 psig. At these pressures, fabric regain 
was reduced from approximately 80% to 35% (average for the three fabrics). 
The residual regain when steam was used at a pressure of 95 psig was 
approximately 28% (average for the three fabrics). 
The gas consumption (in pounds of gas per pound of water removed) 
was higher for air than steam as can be seen in Table 2. The ratio of 
required mass of air to mass of steam ranged from 1.36 to 2.26 (see Table 3). 
Since these numbers are for air tests using a 0.003-inch shim in the 
Machnozzle and for steam tests using no shim, optimization of slit width 
would probably lower this ratio. 
7 
Although the gas consumption was higher when air was used, the energy 
consumed in producing the compressed air was lower than that required to 
produce steam. The ratio of energy required to compress air to remove 
one pound of water to the energy required to produce steam to remove one 





. The assumptions used to calculate the ratio of energy 
requirements are given in Table 2. 
The ratio of energy cost to remove water using air to that using 
steam ranged from 0.40 to 0.65 (see Table 3). The ratio was based on the 
assumption that 1 BTU of electrical energy costs three times as much as 
thermal energy. 
CONCLUSIONS  
The Machnozzle performed well as a predrying device when compressed 
air was used as the gas medium. Higher mass flow rates were required for 
air than steam; however, the slit width was increased for the air tests. 
Optimization of slit width probably would reduce the air requirements. 
Although higher gas flow rates were used during the air tests, the energy 
required to produce the compressed air was less than required to produce 
steam. 
An economic analysis should be made to determine the feasibility of 
utilizing air versus steam as the working medium in the Machnozzle. Such 
an analysis was beyond the scope of this project; however, the data 
















4.53 12.8 2.82 
6.61 19.1 2.89 
8.55 23.8 2.78 
8.71 27.8 3.19 
8.82 31.8 3.61 
8.34 17.0 2.04 
3.91 7.2 1.84 
5.75 12.8 2.23 
8,46 19.1 2.26 
11.07 23.8 2.15 
12.56 27.8 2.21 
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11.86 23.8 2.01 
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4.79 7.2 1.50 
8.51 12.8 1.50 
11.01 19.1 1.73 
12,58 23.8 1.89 
12.46 27.8 2.23 
12.58 31.8 2.52 
13.53 1741 1.26 
12.23 13.2 1.08 
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Table . Summary of Test Results 
Fabric Process 	Gas Gas Regain 
Speed Pressure Before 
(OM) (Psig) Machnozzle 
(5) 
-Kinn 
65/35 50 	Air 40 80.3 
Polyester/ Air 60 83.7 
Cotton , Air . 	80 81:Or 







A )5 ir 20 82.8 
Air 40 79.7 
Air 60 80.4 
Air 80 81.0 
Air 100 81.1 
Air 120 77.2 
Steam 95. 82.5 
In-Plant 100 77.0 
Demonstration 
100 	Air 60 z8.13 
Air 80 /8.2 
Air 100 78.3 
'Air - • 120 78.0 
Steam -95 81.5 
In-Plant - 	100 77.0 
Demonstration 
Percale 75 	Air 20 71.6 
50/50 40 .72.1 
Polyester/ 60 72.9 





Steam 95 73.1 
In-Plant 95 75.0 
Demonstration 
Textured 75 	Air 20 85.4 
80/20 40 84.8 
Polyester/ 60 86.6 
Cotton , 80 85.8 
(2.9oz/ye) 100 81.9 
120 81.5 
Steam 95 78.0 
In-Plant 100 85.0 
Demonstration 
• Based on the assumptions: 
1. The production of one pound of steam 0 95psig requires 1189 BTU/lbs. 
2. Boiler efficiency not included in calculation. 
3. Compressor requires 115 BTU/lb. 
4. Power plant and distribution efficiency not included. 





























































































• Assumes Price of Electricity is 3 Times Cost of Steam 
